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Objective: To build the rat model of gastric precancerous lesions and discuss the
effect of transplantation of mesenchymal stem cells (BMMSCs) on the pathological
change.
Methods: The rat model of gastric precancerous lesions was built using N-methyl-N0-
nitro-N0-nitrosoguanidine. After the intravenous transplantation of BMMSCs, the
migration and colonization location was then observed, as well as its effect on the related
factors of gastric precancerous lesions, including VEGF, IL-10 and IFN-g.
Results: BMMSCs were mainly colonized in the gastric body and gastric antrum, which
could be differentiated into the epithelial and interstitial cells. The expression of VEGF in
the transplantation group and non-transplantation group was signiﬁcantly higher than that
in the control group (P < 0.05); while the expression of VEGF in the transplantation
group was signiﬁcantly higher than that in the non-transplantation group (t = 3.88,
P < 0.001). The expression of serum IL-10 and IFN-g in the transplantation group and
non-transplantation group was signiﬁcantly higher than that in the control group
(P < 0.05), while the expression of IL-10 and IFN-g in the transplantation group was
signiﬁcantly lower than that in the non-transplantation group (t = 3.03, P = 0.004;
t = 3.80, P < 0.001).
Conclusions: BMMSCs can be directionally differentiated into the epithelial and inter-
stitial cells and can also regulate the related growth factors and inﬂammatory factors to
reduce the injury of inﬂammation, relieve or reverse the process of gastric precancerous
lesions.1. Introduction
The gastric precancerous lesions is some kind of patholog-
ical change of gastric mucosa that can easily cause cancer-
ization, which usually appears in the chronic atrophic gastritis
and shows dysplasia and intestinal metaplasia of mucosa [1,2]. In
China, gastric cancer is a common malignant tumor. The
cancerization of human cells is a multilevel incremental
process, and the phase from gastritis to cancerization is named
as the precancerous lesions [3,4]. The probability for thechronic atrophic gastritis to be cancerized is increased with
the longer duration of disease and the aggravation of
dysplasia [5,6].
The mesenchymal stem cells (BMMSCs) are the adult stem
cells from mesoderm, with the function of self-renewal, which
can not only mechanically support the blood stem cells in the
bone marrow, but can also secrete many kinds of growth factors
to support the hematopoiesis [7]. Because of easy collection and
adherent growth, it has become a hot topic of researches in
recent years [8,9]. In the researches of gastric associated
diseases, BMMSCs are mainly limited to the treatment of
gastric injury, which can be differentiated into the gastric
epithelial cells to repair injured gastric mucosa [10]. The injury
and inﬂammation of gastric mucosa can promote the release of
BMMSCs. In this study, after building the rat model of gastric
precancerous lesions, BMMSCs were transplanted into the
model through the vein and thus the related intervention
mechanism was observed.open access article under the CC BY-NC-ND
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2.1. Laboratory animal
A total of 80 healthy male SPF Wistar rats with the weight
range of 180–220 g were mixed, with 5 rats in each cage. The
feeding room had the natural light, with the room temperature of
about 23 C, relative humidity of 45%–55%, good ventilation
and ultraviolet radiation.
2.2. Modeling
Six-month rats were randomly divided into two groups,
where the 20 rats in control group were fed with clean running
water and diet and the 60 rats in model group were fed with
100 mg/L N-methyl-N0-nitro-N0-nitrosoguanidine (MNNG) and
diet. 2 months after the beginning of modeling, 2 rats were
executed every month to observe the progress of modeling.
Preparation of 100 mg/L MNNG solution: 5 g MNNG was
dissolved in 1 L distilled water to be diluted into 5 mg/mL
mother solution, which was then stored in a dark and cool place.
Before the modeling, 10 mL mother solution was added into
500 mL distilled water to be diluted into 100 mg/L. It was then
put in the dark drinking fountain for the drinking of rats in the
model group.
2.3. Transplantation of BMMSCs
The transplantation group: 1 mg/mL CM-dil-labeled
BMMSCs were transplanted into 20 rats in the model group
through caudal vein. The dosage for each rat was 2 × 106/mL
every time, 1 time/wk and 3 times of injection in total. The
non-transplantation group: 20 rats in the model group were
given with the intravenous injection of normal saline with
equal dosage. After injection, all rats were anesthetized by
using 10% chloral hydrate. After drawing the blood from the
heart, rats were executed. The serum was obtained and stored
at −20 C after being centrifuged at 3000 r/min. For the
executed rats, their stomachs were incised and then paved
evenly. The samples in the longitudinal strip were collected
from the lesions and the section from the pylorus and cardia.
Samples were ﬁxed with 10% formaldehyde and then dehy-
drated using the conventional method. After being embedded
with parafﬁn, they were sliced into pieces with the thickness of
3 mm. 10 rats in the control group were given the injection ofFigure 1. Fluorescence markers under microscope.
A: BMMSCs transplanted in the cells of gastric body; B: BMMSCs transpla
differentiated into the epithelial cells.BMMSCs solution with equal dosage, while other 10 rats were
only treated with normal saline.
2.4. Outcome measures
The immunoﬂuorescence double staining protocol was
employed to detect BMMSCs that were transplanted in the
sample tissues, where CM-dil-labeled cytoplasm appeared to be
red, the nucleus to be blue and the epithelial and interstitial cells
that were differentiated from BMMSCs to be green. The
immunohistochemical method was adopted to detect the
vascular endothelial growth factor (VEGF) in the gastric mucosa
tissue. 5 different visual ﬁelds were selected for the observation
under 400× lens. The cytoplasm that contained the brown par-
ticles was regarded as the positive cells. The mean optical
density (cumulative optical density/area) of VEGF was calcu-
lated. The ﬂow cytometry was employed to detect the expression
of serum interleukin-10 (IL-10) and interferon (IFN-g).
2.5. Statistics
The experimental data were treated with SPSS 20.0. t-test
was performed for the comparison between the means of sam-
ples, while the one-way analysis of variance for the comparison
among multi-sample comparison and SNK test for the compar-
ison between groups. The rank sum test was performed for the
data with the abnormal distribution. P < 0.05 was regarded as
the statistical signiﬁcance.
3. Results
3.1. Transplantation and differentiation of BMMSCs
After the transplantation of BMMSCs in the model group, the
red ﬂuorescence marker could be observed in the gastric samples
of rats. The marker was mainly centralized in the gastric body,
with limited distribution in the gastric antrum, but none in the
pylorus. The overlapping distribution of red and blue ﬂuores-
cence markers represented the transplanted BMMSCs
(Figure 1A and B), while the overlapping distribution of red,
blue and green ﬂuorescence markers meant that the transplanted
BMMSCs could be differentiated into the epithelial and inter-
stitial cells. After the transplantation of BMMSCs in the control
group, there was no such red ﬂuorescence marker. According to
the observation results, it could be proved that BMMSCs couldnted in the cells of gastric antrum; C: Transplanted BMMSCs that were
Figure 2. Expression of VEGF.
×400, A: Control group; B: Non-transplantation group; C: Transplantation group.
Figure 3. Mean optical density of VEGF.
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gastric precancerous lesions and could be differentiated into the
epithelial and interstitial cells.
3.2. Expression of VEGF
The expression of VEGF in each group was shown in
Figure 2, which was mainly distributed in the cytoplasm and
membrane of gastric mucosa tissue. The expression of VEGF
was low in the normal gastric mucosa tissue of control group.
The expression of VEGF in the transplantation group and non-
transplantation group was signiﬁcantly higher than that in the
control group (P < 0.05). The further comparison showed that,
the expression of VEGF in the transplantation group was
signiﬁcantly higher than that in the non-transplantation group
(t = 3.88, P < 0.001), as shown in Figure 3.
3.3. Expression of serum cytokine
The expression of serum IL-10 and IFN-g in the non-
transplantation group and transplantation group was signiﬁ-
cantly higher than that in the control group (P < 0.05). The
further comparison showed that, the expression of serum IL-10
and IFN-g in the transplantation group was signiﬁcantly lower
than that in the non-transplantation group (t = 3.03, P = 0.004;
t = 3.80, P < 0.001), as shown in Table 1.Table 1
Expression of serum cytokines of IL-10 and IFN-g in rats (pg/mL).
Cytokine Control
group
Non-transplantation
group
Transplantation
group
IL-10 16.89 ± 8.15 37.28 ± 14.85 23.63 ± 13.57
IFN-g 2.15 ± 0.45 6.77 ± 1.62 5.09 ± 1.134. Discussion
The gastric precancerous lesions mainly include epithelial
metaplasia and dysplasia, which are mainly coexisted in the
chronic atrophic gastritis. The gastric atrophy, epithelial meta-
plasia and dysplasia are the evolution process before cancer-
ization. But not all precancerous lesions will be developed into
gastric cancer. So that how to block or reverse such process is a
key method to avoid the cancerization [11–13]. In this study, the
MNNG method was employed for building the rat model of
gastric precancerous lesions. The pathological ﬁgure of gastric
cancer of rats is similar with the one of human. During the
modeling, the incidence of gastric mucosal atrophy, intestinal
epithelial metaplasia and dysplasia was up to 95%, with a
satisﬁed success rate [14]. It is found that the gastric
precancerous lesions were mainly centralized in the gastric
body, with limited distribution in the gastric antrum, but none
in the pylorus. Deng Dajun [15] ﬁrstly adopted the MNNG
method to build the rat model of dysplasia. After the irrigation
of 0.4 mg/mL MNNG, it was found that 70% of dysplasia
lesions were located in the gastric antrum, which was a bit
different from the ﬁndings of this study. The reason might be
that the dosage of MNNG is different. Besides, it was the
modeling of dysplasia in the above literature, while in this
study, the occurrence of gastric mucosal atrophy, intestinal
epithelial metaplasia and dysplasia would be regarded as the
successful modeling, which might lead to different results. But
according to the previous researches, the local lesions in the
gastric body or gastric antrum can be treated as the ideal model.
BMMSCs are the adult stem cells from mesoderm, with the
strong function of self-renewal and differentiation. Under
different conditions, they can be differentiated into the
mesoderm-originated bone, cardiac muscle and fat cells, as well
as the lung, intestines, epithelial and nerve cells across the
blastoderm. According to the previous researches, the intrave-
nous injection of BMMSCs could increase the expression of
VEGF and its receptor and thus promote the healing of gastric
ulcer [16–19]. In this study, it was labeled with CM-dil, which
could understand the migration and transplantation in the body.
The related literature also reported that the CM-dil within the
certain concentration range would not affect the activity and
differentiation of BMMSCs [20]. For the observation under the
microscope, it was found that the transplantation of BMMSCs
could be found in the gastric body and gastric antrum in the
transplantation group, but not in the pylorus, which might be
related to the coverage of squamous epithelium and
insufﬁcient blood supply in the pylorus. The results of
ﬂuorescence localization showed that BMMSCs could be
differentiated into epithelial and interstitial cells, which might
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speciﬁc, it could block the chemotaxis in the inﬂammatory
and injury sites and then back to the chronic inﬂammation
sites, which would be differentiated into the correct
phenotypes to repair the inﬂammatory and injury cells.
The study also found that the transplantation of BMMSCs
could increase the expression of VEGF in rats. VEGF is some
kind of proangiogenic factor, which can act on the vascular
endothelial cells, induce the angiogenesis and maintain the
vascular permeability [21]. After the transplantation, BMMSCs
could secrete the growth factors such as VEGF, maintain the
repairing of gastric mucosa epithelial cells and establish the
protection mechanism of mucosa. The expression of VEGF in
the transplantation group was signiﬁcantly higher than that in
the non-transplantation group, while the expressions of VEGF
in both groups were all signiﬁcantly higher than that in the
healthy rats without the treatment, which indicated that when the
gastric mucosa had injury and lesions, the expression of VEGF
was increased to enhance the repairing of gastric mucosa and the
transplantation of BMMSCs could further induce the release of
VEGF to strengthen the protection [22]. The immune factors of
IL-10 and IFN-g belong to the cell immune-related factors.
BMMSCs have a certain capacity of immune regulation, which
could transplant T-lymphocytes to reduce the harm to the local
inﬂammatory response [23]. In this study, it is found that the
expression of serum IL-10 and IFN-g in rats with the gastric
precancerous lesions was signiﬁcantly higher than that in the
healthy rats, which indicated that after the induction, there was
strong inﬂammatory response in the gastric mucosa tissue of
rats. The expression of serum IL-10 and IFN-g in the trans-
plantation group was signiﬁcantly lower than that in the non-
transplantation group, which indicated that the transplanted
BMMSCs could inhibit the activation of T-lymphocytes and
reduce the release of inﬂammatory factors.
In conclusion, BMMSCs can not only be directionally
differentiated into the gastric epithelial and interstitial cells to
protect the gastric mucosa, but also can regulate the expression
of related growth factors and inﬂammatory factors to reduce the
damage of inﬂammatory response and thus relieve or reverse the
process of gastric precancerous lesions.
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